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INTKODIJGTIQM 

In order l.o verily Uie de.;it',n o! the Lotikalloy ventral fin ( }NAG68 y) Tor the 
YF-j:’ airplane, ncveral atnictural component tests were performed. Since the 
Loi^kalloy material was not availahle at tlie time of tliesc tests, i;’l annealed 
stainies.'. steel, which has similar mechanical pi'operties, was used instead. 

The first test was of the Ixjckalloy skin panel splice joint. This joint was 
eccentric and proved out to be deficient. Accordinaly, a second specimen 
with f^reatly reduced eccentricity was tested. This design proved satisfactory. 

The last test was a stability check of the compression surfaces of the ventral 
fin. A specimen box was built which had surface support structure representative 
of that in the ventral. The box was loaded in bending to failure and compression 
surface stresses were measured by means of strain gages , This test showed the 
surface stability stress achieved to be satisfactoiy . 
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JOINT TESTS 

The test of apeclnien number one, which is shown on Pig. 'a D -1 and D- 2 , demonstrated 
this unaymmetrlcal design to be deficient. The hoint carried compression load up 
to 15,865 lbs. ( 1 ,U ?6 lb. /in.) but there was considerable yielding due to bending 
in the titanium splice strap before this load was- reached... See Fig. D -3 and D« 4 . 
Accordingly, an, external titanium strap was added to eliminate most of the Joint 
eccentricity. This joint is also shown on Fig. D -3 and Fig.'s D -5 and D- 6 . This 
specimen failed at a load of 23,000 lbs. ( 2 ,l 40 lb. /in.) and did not exhibit 
excessive deformation during -loading. „6ee-,Ftg. *s D -7 and D-8. 

Plots of load and stresses in the basic .I56 sheet are shown on Pig. D- 9 . Stresses 
were measured from strain gages mounted back-to-back 1-1/2 inches from each edge in 
the center of the upper panel. The non-linearity exhibited by the strain gage 
measurements makes the stresses calculated from the load measurements more believable. 
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BUCKLING FAILURE OF THE SffiClI-iEN 
Nin-U’.EH 0!#; 
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COMPRESSION STABILITY I'EST 

Discussion 

This test was devised to verify the stability of the compression surface of the 
Lockalloy ventral fin. The specimen consisted of a box with thick steel skins 
supported by comparatively light titanium substructure. 321 annealed stainless 
steel was used for the skins because of the unavailability of the Lockalloy at the 
time of the test. This stainless steel has a modvilus of elasticity and a com- 
pressive yield strength very close to those of Lockalloy ana since the test was 
performed to check compression panel stability, the material substitution was valid. 
Table D-1 shows a comparison of mechanical properties. 

The upper surface of the box was designed to represent the surface of the Lockalloy 
ventral fin with the rib and beam spacings giving a comparable b/t ratio. Attach- 
ments were the same as for the ventral - NASI58IV3-3/I6 small headed countersunk 
screws with comparable spacing. 

A drawing of the test specimen can be seen on Fig. D-10 and photos of the structure 
on Fig, D-11, 

Test Setup 

The specimen was instrumented with I5 sets (back-to-back) of axial strain gages, 

2 sets of shear gages, and 9 dial gages for deflection measurements. Strain gage 
instrumentation and designations are shown on Fig. Ti-12 and Fig. D-I3. Strain gage 
readings were printed out by a Beckman recorder and deflection readings were 
recorded manually. 

The specimen holding fixture and loading Jack arran^^cment are seen un Fig. D-lt . 
Nominal loads for the approximate strength level desired are sdiown on Fig. Ij-lo, hut 
tiic.$e v/ere arbitrarily d(>iblo'd for tiie 'lest to lake care of any ovei-rnn. Thus, i he 


I 


i 
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load schedule against which the stresBes and deflection are plotted, is not 
related to design load. 

These loads were applied by metered hydraulic pressure to the loading Jacks with 
an Edison hydraulic load maintainer. Actual Jack loads were measured with a load 
cell on the inboard Jack and a pressure gage on the outboard Jack, The measured 
loads differed slightly from the nominal, as applied loads of the load maintainer 
and are ..considered more accurate. These loads are plotted on Fig, D-15. 

Test Results 

Loads were applied to the specimen in 5^ increments until the 15^ level was reached. 
After these readings were taken '.he load was reduced to zero and readings again 
taken. Then the load was returned ^o 15^» readings taken, and then advanced to 20^. 
In this way the load was progressively increased with zero readings being taken 
after each new high load. The loads were allowed to stabilize for one minute 
before readings were taken. After the 65^ load level was reached, and 12 seconds 
had elapsed, the upper surface of the specimen failed in compression. No readings 
at 65^ were obtained so data must be extrapolated to this point. 

Stresses calculated from the average strain measurements of the six gages in the 
center of the center panel of the specimen are plotted on Fig. D-I6. The plot is 
extrapolated to the 659^ load level and this shows a stress level of 21,800 psi at 
specimen failure. There is a slight non-linearity near the failure stress indicating 
some yielding of ti c panel. Stresses are calculated using a modul\is of elasticiiy 
of 28 X 10^ psi. Fhnel buckling behavior is illustrated by Fig. D-li^ wiiicli .'liiows 
individual pioi.s of the two center back-to-back stresses. The.ne curves .sliow panel 
initial buckling to occur at about a 12,000 psi stress level. Huck.ling bcliavior 
can also be ol;;erve<l on P'ig. D-I8 widcli siiows individual stress jd (d s for tijc Irick- 
to-back strain pages at the inboard center of the ennter panel of iiif spe'-itMTi . 
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Test Results (Continued) 

Deflection and permanent set measurements at the outboard end of the specimen are 
plotted on Fig. D-I 9 . The plotted points are the average readings of the three 
outboard dial gages. 

Fig. D-20 shows the specimen after failure... Note that the failiare occurred adjacent 
to the inboard load plate, At this point the bending moment is 12^ higher than at 
the center of the specimen. 
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-COMPONENT 


lODE 


MATERIAL.-... 


MARGIN 


ROOT Rib 

VEi.TRAL STATIOI. 

37.7 RIJ-; 

SURFACE - FWD. BEAM 

; SURFACE - REAR BEAM 

SURFACE SPLICE 

SURFACE - FWD. 

" BEAM rro. 

FRON'i’ ACTUATOR FTG. 

.A1-“T HINGE FTG. 

AF”r HINGE FTG— 


15 WEB SHEAR 



15 WEB SHEAR bl20Ti .15 CP 2.59 

17 COMPRESSION Be-38A1 .15 CP .2li 

20 COMPRESSION BG- 38 AI .711 CP .U 3 

21 COMPRESSION Be-38Ai .15 CP .2*: 

22 thermal stress Be- 38 AI .472 CP .69 

23 ST 1 FFENF:R BNDG. B 120 Ti .711 CP 1.33 

25 BENDING B120T1 .711 CP .07 

25 ATTACHMF;NTS 6Alr4V Ti .711 CP .12 
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Appefldijt- D - Component Tests for Locltalloy Vefttral Fin*. 

Lockheed Stress Memo Manual.. - — 


INTROpi^riON 

The following report contains external loadings, critical internal loads, 
and stress calculations to verify the s4jructural integrity of the Lockalloy ventral 
fin. Internal loads and stresses are calculated by setting up a structural model of 
the ventral- and- employing the NASTRAN -program. 

Additiona'l structural verification is suH'lt^d by the ventral fin probf test 
in which the ventral is loaded to limit load foir three critical conditions. 



DESCRiWrON 


The Lockalloy yentiV|i aasembly is shown on Elgure 1 and Basic fin 
geometry is shown on Figures 2 and 3‘. The fin atructure essentially consists of- 
.050 B-120 annealed titanium channel type ribs and beans with .-I50 aM ,125 thick 
Lockalloy shins. Skin panels-arje Hynllahle in limited sizes so appropriate 
splices are provided. All .of. the panels on the right side of the ventral are 
removable providing ready access to the inside. There are two principal beams 
at 111 nnrt chord lines. - -These beams attach^ at the root rib, to the two 

hinge fittings. The ventral is rotated about these hinge fittings to retract it 
for takeoff aind landing. The forward fitting reacts all of the ventral sponwise- 
bendifig moment and provides the actuation mechanism, . The rear hinge fitting 
reaets side load only. 
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DfiSCRIPTIOW 

The structural model used to calculate Internal loads. Is shown on Figure U.-- - 
The NASTRAN program is used.. The structural model Is for one half of the ventral, 
from the ventral centerline (Buttline O) .to ±he left-hand contour^ with anti- 
symmetric-conatraints at the.i^enterUne.. Since the model represents_onljione.half 
the structure (In this case the left half), one half the total ventral load Is 
applied to the structural model,. 

The Lockalloy surfaces are modeled as shear panels. Surfaces afe also 
considered 100^ effective axially, therefore the total surface area Is included 
With the titanium beam and rib fl&nges as beam and rib cap areas in the model. 

The titanium beams- and .ribs are modeled as shear panels with axial elements 
as caps, with effective skin as noted above. Posts at rlb-to-beam intersections are 
modeled as axial elements. 

All section properties, gridpoittt locations and internal loads are contained 
in unsubmitted data. Representative Internal loads data- is plotted on Figures "f 
through 13. The total applied loads are listed ifl the table below. ...Grldpoint loads 
or panel pressures used to represent" these applied loads are given on Pages 11-13. 




TOTAL-VENTRAL applied LOi^ (ULTIMATE 


CASE NO. 

CONDITION 

Py LB. 

C.P. 

TEMP.— 

1 

CRUISE 

6,685 


550°F 

2 

FWD. C.P. 

6,822 

i5.o^t 

R.T. 

3 

AFT C.P. 

6,807 

71.1^ 

R.T. 

U 

. 

ARB. FWD-G.P. 

4,695 

5.0^6 

R.T. 


Rige E-]0 


STRUCTURAL MODEL 


This essentially repreflenta...the following basic loads ; 









PAGE IS 
' QUALn’XJ 


c 


^^Riraub I 



66 


Wa 


2C7ff3hS 


US036-S 


Zi.81%-5 


\ 2C8C36^6 


2f30Z4i 


ZS3Z2±A. 


Z€8CZ^K 


Zil867-i 


ZSTB27K 



ZC8QZri 


uazzT-s 


Z580ZCR 


ZSBZZ^a 


iiSOM lcaii7-$ 2i87t7-S 1 


•t\ t • 


. 4 |l 

\ A. iss72s/< A- 2^rs^^sK 'X iia«a*_^:feuJ5£!££? C 


isier^n. 


IS80Z8A 


Z58^Z6R 


, '|,2«a«»5 |1 

^ A- n»:x>K 25;a2M?J^Ai»l^ — (j 


^803CR 


HiaJk ZC9B*>-S \ ICB74C-S i l<6i4B.S \ |\ I 

. \ i t t l\ .“ 


ZSiaSSR 


m 


‘ * ‘ • 


Hor&: AS» rr-xy^i 


Z584YV^ N 


4 irfttmt 


'ill H, bun'll ?j 








M3(n/S£LACB'> 




B-n 

I^POfff 


ICSB^^S 

iSBBZ^R 


itsaVTS 

ZS381CR 


•c 

2f 


K 

a 


1 

ZC903Z-X 

2J 

. ^ 
N 

264Z3£-:i 

«4 





k Z5H014R 

J 

. 254Z24R 


2C9424P. 


2i90yt-^ 5| U9Z37-$ 


^1 2C9i37~^ 

$ 


s s ^ 

A Z590ZiR %,2S9Z2CR %,2S842£R 


%> M 

iiSa^S^ g 2C9028S ^ 

2588 23 R Z59Q28R ^ 


>} «/ 

^ Zt9238^ $ 2 l9438~S 

> w 

A 2592 28 R ^ 2S94Z8R 




2C88l<t$ § 

k 1588203. ** 


T 

... S 2C8840-S a 

§ i 

« 

ztdazzR 


vT ./ 

^ s if jhi 

§ 2i90i9£ 2C9239^ ^ 2C9439S ^ 

» <5/ 

Z58tim^254Z30R 259430R A 



.FIGURE 4- 

STRUCTUR#>^L MODEU 


^ VeAJTft.AL- 


r 





T^rnL VeuniALSiOBLfiAO (UlT) 


<? P&1> 


<^fU0Peut4T 


2-7 

29 

3 / 

33 

20 34 
2& 

JZ 

%u 

2-tf 

3^ 

32^ 

g>/f Zt, 

^(0 t - «/ - 
2^ 

2^ 

30 
3Z 

f7ZV 

2^ 

2^ 

io 

3L2- 

24 

%'i 

JO 

J2. 

^0-i^ 

Z(0 

t<g 

JO 

JZ 


d^Ajr cM&Ab 


WATmJHg. 


n3f*4n 

1151.^.95 

n<i<U}3if 

ll^hZkl 

nui-f^- 

nu.no 

Hli .279 
yj 63 . //F 
//44.^/V 
tno.'i^o 

m%M9i 
//??* 
/;??^7fJ 
tl3l.77J 
/i'ltf. t ?3 

//99, 7<»5 
ltoZ.l9o 
tZeif, 675 
/Zfl?. /6«> 

/Zo7^ 
^220, 97/ 
/220. 97/ 
nv».5H 
nto. 67/ 
/ 220. ?7/ 
/Z30.H1 
/ 230, 1^7 
uto.m 
m&.ni 

/J JO. 937 


4 LZ.SO 

5-2.3S 

ZZl.ifO 

31. H-S 
z^too 

62.3 

51.35 

Hl.tfO 

3z.**-S 

2Z.0O 

42.3 
5-2.35 
<72. *6 

32. *f5 

zz.o 

52.35 

57.35 
•n.i 
52. -75 - 
22..0 
42.3 
5-2, 35" 

31.4S 

%\.o 

42.3 

52.35 

< 72 . 9 - 

32. •/S 

22. Ot) 

4 . 2.3 

32 35 
92.9 

3 2.95 
22.6«> 


£90. t- 

nd-.^ 

I f 7 . o. 

f 

/44..4* 

928.5 

279.5 
223.0 
<95. 4 

/I.0 
t 2 5. 1 
/c>3.2. 
/«4-7 
S3. 5 
/4-5 
- . S 
/9(».2 
42.4. 

57.2 

h3.3 

zz.s. 

32.0 

23.4- 

23.-/ 

/5..9_ 

5:3 

5.2r 

A 8 
3.1 
Z.ti- 
/.9 
3/. 3 

Z2-. 2 . 

I S.z 

4.4 - 


332.-4 

354.6 

354. O 

3 / 9.7 

153.0 
/5Z.4 
lSit.9 
1 26. A 

lO^.i 

H-9.5 


<».ft7B23^ 

/:5.y<3/,79^ 

»6L.72icJS 

<k.t-8ozz^ 

p,S.nt26,96B 

UJ.jJlaS99 


.1 II 4 - ■ V- - - - - -- * ■ ■ 1 — • — — 

/4— r//esi 2o>»« 2 J»e 7»M2 2040 >i/*>4/££) 70 7W£ 7ewWi4i. s/a#cc iULMcbei 

Rti’kesZAT^ ^2 XhSi JMPCTU/^£ THe/WnBe/W»t /A/?£ 2P ULTtt^ ^TE . 



















FIGUEE 6 STRUCTURAL MODEL PRESSURE DISTRIBUTION 
140 (xOTAL) AILERON DEFLECTION AT M = 










STRESS ANALYSIS 


The ventral ceurrles most of the Internal loads in -the .surface skins which- are oT 
heavy. -.Log kalloy material. The relatlvelyJJ.gftt- titanium subatructuEe, in 
the main, provides stabilization and support for the surfaces as well as splicing 
the surface panels which are relatively small. The surface panels are designed 
to be nonbuckled at ultimate loadj since the skins are so heavy relative to the 
support structure, buckling stress is considered to be failure stress. 
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